Objective We estimated secular trends in the prevalence of type 2 diabetes (T2DM) and prediabetes, and examined potential explanatory factors for these trends in a Japanese community. Methods 4 cross-sectional examinations were conducted among subjects aged 40-79 years in 1988 (n = 2,490), 2002 (n = 2,856), 2007 (n = 2,761), and 2012 (n = 2,644). Glucose tolerance status was defined by a 75g oral glucose tolerance test. Results The age-standardized prevalence of T2DM increased significantly in both sexes from 1988 to 2002, and thereafter it remained stable in men, and decreased nonsignificantly in women from 2002 to 2012. The age-standardized prevalence of prediabetes in men increased significantly between 1988 and 2002, but then decreased significantly. A similar trend was observed in women. The age-specific prevalence of T2DM increased greatly in men aged 60-79 years and women aged 70-79 years from 1988 to 2002, and then plateaued at a high level, while a significant decreasing trend was observed in women aged 40-49 years. The mean values of body mass index (BMI) increased steeply in these elderly subjects from 1988 to 2002, and remained at a high level, whereas those in middle-aged women decreased appreciably over the study period. Conclusions Our findings suggest that in Japanese, there was no further increase in the prevalence of T2DM or prediabetes in either men or women in the 2000s. Secular change in the BMI level was likely to contribute to trends in the prevalence of T2DM, and thus the management of obesity may be important to reduce the prevalence of T2DM.
Introduction
Diabetes is a major public health problem worldwide. The prevalence of diabetes has been growing rapidly, especially in low-and middle-income countries [1] . In regard to highincome Western countries, several epidemiological studies examined trends in the prevalence of diabetes in the 2000s, but their results were inconsistent; the prevalence of diabetes was relatively stable in the United States [2] , whereas it continued to increase in the United Kingdom [3] , Sweden [4, 5] , and Canada [6] .
A recent global survey reported that Japan, which is one of the high-income Asian countries, has the seventh highest number of individuals with diabetes (about 10.8 million) in the world [1] . However, there have been very few studies investigating trends in the prevalence of diabetes from 2000 or later in Japan. Moreover, there were important limitations in the few available studies. One study [7] diagnosed diabetes based on HbA 1c and medical history, which may underestimate the true prevalence of diabetes [8] . Another study [9] examined trends in the prevalence of diabetes only until the early 2000s. We have previously reported that the prevalence of type 2 diabetes defined by a 75-g oral glucose tolerance test (OGTT) increased significantly from 1988 to 2002 in a Japanese community, the town of Hisayama [10] . However, it is unclear whether it continued to increase thereafter. For the present study, we extended the study period from 2002 to 2012 and estimated trends in the prevalence of type 2 diabetes across 4 surveys conducted in 1988, 2002, 2007, and 2012 . In addition, some epidemiological studies, including our previous study, have shown that changes in obesity status mainly contribute to secular trends in the prevalence of diabetes [2, [9] [10] [11] , but other clinical factors, such as heavy alcohol consumption [12] , smoking habits [13] , and physical inactivity [14] , have also been identified as risk factors for developing type 2 diabetes. A better understanding of clinical factors that are potentially responsible for secular change in the prevalence of type 2 diabetes may help to reduce the burden of type 2 diabetes.
The purpose of the present work was to investigate secular trends in the prevalence of type 2 diabetes and prediabetes, which was defined by the OGTT, over a 24-year period from 1988 to 2012 in a community-dwelling Japanese population. We also examined whether secular change in clinical factors, such as body mass index (BMI), alcohol intake, smoking habits, and regular exercise, was linked with trends in the prevalence of type 2 diabetes.
Methods

Study population
A population-based prospective study of cardiovascular disease and its risk factors has been underway since 1961 in the town of Hisayama, a suburb of the Fukuoka metropolitan area on Japan's Kyushu Island [15] . The age and occupational distributions and the nutrient intake of residents in this town have been similar to those of Japan as a whole based on data from the national census and nutrition survey [15] . As a part of the study, 4 Figure S1 ). For analyses incorporating 2-h post-load glucose (PG) measurements, additional subjects were excluded if they were not taking oral hypoglycemic agents but were unscreened by OGTT; thus 2,490 subjects in 1988, 2,856 in 2002, 2,761 in 2007, and 2,644 in 2012 were enrolled as an OGTT sample group (Supplemental Figure  S1 ).
Definition of diabetes and prediabetes
The study subjects underwent the OGTT between 8 [18] ; namely, for normal glucose tolerance, FPG < 6.1 and 2-h PG < 7.8; for impaired fasting glycemia (IFG), FPG 6.1 to 6.9 and 2-h PG < 7.8; for impaired glucose tolerance (IGT), FPG < 7.0 and 2-h PG 7.8-11.0; and for diabetes, FPG ≥ 7.0 mmol/l or 2-h PG ≥ 11.1 mmol/l or both, or the use of antidiabetic medications. Prediabetes was defined as either IFG or IGT. Because there was a variation in the rate of undergoing OGTT across surveys, we also defined diabetes based on FPG levels: FPG ≥ 7.0 mmol/l or the use of antidiabetic medications. Glucose tolerance status based on HbA 1c levels was defined by the American Diabetes Association (ADA) [19] and the National Health and Nutrition Survey (NHNS) of Japan criteria [20] : in the ADA criteria, for normal glucose tolerance, HbA 1c < 5.7%; for prediabetes, HbA 1c 5.7-6.4%; and for diabetes, HbA 1c ≥ 6.5% or the use of antidiabetic medications; in the NHNS of Japan criteria, for normal glucose tolerance, HbA 1c < 6.0%; for prediabetes, HbA 1c 6.0-6.4%; and for diabetes, HbA 1c ≥ 6.5% or the use of antidiabetic medications.
Clinical evaluation and laboratory measurements
In the 1988, 2002, 2007 , and 2012 surveys, clinical evaluation and laboratory measurements were performed in a similar manner. Serum total and high-density lipoprotein (HDL) 1 3 cholesterols and triglycerides were measured enzymatically in all surveys. In each survey, the height and weight were measured with the subject in light clothes without shoes, and BMI was calculated (kg/m 2 ). Blood pressure was obtained three times using a mercury sphygmomanometer in 1988 and an automated sphygmomanometer in 2002, 2007, and 2012 in a sitting position after rest for at least 5 min; the average values were used in the analyses. Hypertension was defined as a systolic blood pressure ≥ 140 mmHg, a diastolic blood pressure ≥ 90 mmHg, or current treatment with antihypertensive agents.
Each participant completed a self-administered questionnaire covering medical history, antidiabetic and antihypertensive treatments, alcohol intake, smoking habits, and physical activity. Alcohol intake and smoking habits were classified as either current use or not. Subjects engaging in sports at least three times per week during their leisure time were defined as the regular exercise group.
Statistical analysis
The SAS software package version 9.4 (SAS Institute, Cary, NC) was used to perform all statistical analyses. The prevalence of type 2 diabetes and each diabetes-related factor was adjusted for the age distribution of the world standard population [21] by using the direct method with 10-year age groupings. The age-adjusted mean values of diabetesrelated factors were calculated using the analysis of covariance method with age taken as a continuous variable. The statistical significance of the difference in the prevalence or mean of each factor between the surveys was assessed using the logistic or linear regression model fit by the generalized estimating equations, respectively, to take into account the individuals contributing to > 1 examination [22, 23] . In the above-mentioned analyses, pairwise comparisons versus the 1988 or 2002 survey were adjusted for multiple comparisons by Dunnett test. Serum triglyceride values were transformed into logarithms to improve the skewed distribution. To explore potential explanatory factors for trends in the prevalence of type 2 diabetes, we calculated the age-specific mean values of BMI as well as the age-specific frequencies of alcohol intake, smoking habits, and regular exercise according to 10-year age groups in the four surveys by sex. A value of p < 0.05 was considered statistically significant in all analyses.
Results
The age-adjusted mean values or frequencies of diabetesrelated factors in the OGTT sample group among the 4 surveys are shown by sex in Table 1 
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Finally, we compared the age-specific mean values of BMI (Fig. 3) and the age-specific frequencies of alcohol intake, smoking habits, and regular exercise (Supplemental middle-aged women in 2012 were significantly lower than in those in 1988 (both p < 0.01). Meanwhile, trends in the age-and sex-specific frequencies of alcohol intake, smoking habits, and regular exercise were not linked with the patterns of type 2 diabetes.
Discussion
To our knowledge, this 24-year repeated cross-sectional analysis is the first study to examine secular trends in the prevalence of type 2 diabetes and prediabetes defined by the OGTT over a long period of time in a Japanese community. Among the 4 cross-sectional surveys, the age-standardized prevalence of type 2 diabetes increased significantly in both sexes from 1988 to 2002, and thereafter it remained relatively stable in men, but tended to decrease in women from 2002 to 2012. The age-standardized prevalence of prediabetes in both sexes showed an increasing trend between 1988 and 2002, and then a decreasing trend between 2002 and 2012. In the age-stratified analysis, the prevalence of type 2 diabetes in the elderly increased greatly from 1988 to 2002, and then plateaued at a high level. In contrast, the prevalence of type 2 diabetes in middle-aged women declined from 2002 through 2012. The present study showed that the prevalence of type 2 diabetes did not change in men and tended to decrease in women from 2002 to 2012, and that the prevalence of prediabetes decreased in both sexes during the same period. The NHNS of Japan reported that the prevalence of diabetes remained on a plateau between 2003 and 2012 [7] and that there was little change in the prevalence of prediabetes in men and a decrease in that in women between 2007 and 2012 [20] . These findings suggest that there was no upward trend in the prevalence of diabetes and prediabetes from the 2000s through the 2010s in the Japanese population. Other Asian population studies showed an increasing trend in the prevalence of diabetes between 2007-2008 and 2013 in a Chinese population [24, 25] and between 1999-2002 and 2008-2015 in Asian Indians [26, 27] , while a national study in South Korea reported that the prevalence of diabetes did not change in men, but decreased in younger women between 2001 and 2010 [11] , which is consistent with our findings. Taken together, these findings indicate that the prevalence of diabetes in the 2000s plateaued or declined in high-income Asian countries, whereas an increasing trend persisted in middle-income Asian countries.
Our age-stratified analysis indicated that the prevalence of type 2 diabetes decreased with time in middle-aged women after 2002, whereas it increased steeply in elderly participants in both sexes from 1988 to 2002, and then plateaued at a high level. In addition, the prevalence of prediabetes decreased mainly in the middle-age group for both sexes from 2002 to 2012. These trends in type 2 diabetes and prediabetes showed similar patterns of BMI levels according to age groups, i.e., an elevated BMI level in the elderly, a slowdown in the BMI increase in middle-aged men, and a large reduction of the BMI level among middle-aged women in recent years. Because obesity is well-established as a strong risk factor for type 2 diabetes, secular change in the BMI level was likely to contribute to secular trends in the prevalence of type 2 diabetes and prediabetes. Thus, our findings suggest that management of obesity may reduce the prevalence of type 2 diabetes in the Japanese population. The prevalence of type 2 diabetes and prediabetes in our 2012 survey (men 19.4%; women 9.1% for type 2 diabetes; men 25.8%; women 21.9% for prediabetes) was higher than those estimated in the NHNS of Japan for the same year (men 15.2%; women 8.7% for diabetes; men 12.1%; women 13.1% for prediabetes) [20] . This diversity may have arisen from a difference in the definition for diabetes between the 2 studies; the OGTT for determining glucose tolerance status was used in the present study, whereas the latter study used a measurement of HbA 1c and medical history, not of plasma glucose. Recent large pooled analyses have revealed that using HbA 1c measurement alone missed a substantial proportion of the subjects with undiagnosed diabetes defined by OGTT [8] . Indeed, our sensitivity analysis using HbA 1c based on the NHNS of Japan criteria revealed that the agestandardized prevalences of type 2 diabetes and prediabetes were 13.0% and 7.9% for men and 6.6% and 8.3% for women, respectively, in the 2012 survey, which were lower than the prevalences obtained using the OGTT-based definition, and also lower than those in the NHNS of Japan in 2012. Moreover, in the present study, the prevalence of type 2 diabetes and prediabetes diagnosed by HbA 1c levels increased significantly from 2002 to 2012, which is inconsistent with the results obtained using OGTT. A previous epidemiological study [28] reported poor agreement between HbA 1c and OGTT in classifying glucose tolerance status. In addition, a study of nondiabetic subjects [29] showed that HbA 1c levels increased with age even after multivariate adjustments for FPG and 2-h PG. Because our study population grew older with time, the glucose-independent effects of aging on HbA 1c levels would contribute to an increasing prevalence estimated by HbA 1c levels. These might be reasons for the discrepant findings between the HbA 1c -and OGTT-based definitions.
The strengths of our study include the long observational period, the high participation rate and the use of an OGTT for determining glucose tolerance status in each survey. However, some limitations should be mentioned. First, the diagnosis of glucose tolerance status was based on a single measurement of glucose levels, as was the case in most other epidemiological studies. This limitation may have caused misclassification of glucose tolerance categories. However, we believe that such misclassification would have occurred at a similar level across the surveys. Second, there may have been a selection bias due to the exclusion of subjects who did not undergo the OGTT. However, similar trends in the prevalence of type 2 diabetes were found using FPG levels as the basis in the FPG sample group. Third, the participation rate of the health examination in 2012 was lower than that in the other 3 examinations, and this might have increased the risk of selection bias in the 2012 survey. It is generally acknowledged that an acceptable participation rate in a population-based study, i.e., a rate that practically eliminates the risk of selection bias attributable to non-participants, is above 70% of the target population [30, 31] . We enrolled more than 70% of residents in every examination, and, therefore, we believe that our findings reflect actual trends in the prevalence in our population.
In conclusion, the present study suggests that in a Japanese population, there was no further increase in the prevalence of type 2 diabetes or prediabetes in either men or women in the 2000s. Meanwhile, the prevalence of type 2 diabetes was still high in the elderly subjects, but decreased significantly in middle-aged women. These trends could be explained by the change in the BMI level. Our findings indicate that the management of obesity may be important to reduce the prevalence of type 2 diabetes in Japanese.
